Abstract: An open photoacoustic detector system, consisting of a high Q cylindrical resonator (Q factor in Nz % 800) and two adjoining variable acoustic filter systems, was tested for pulsed excitation of acoustical modes in a naphthalenelair gas mix by using a 308 nm excimer laser. The outside noise suppression and the signal-to-noise ratio were investigated in a normal laboratory environment in the flow-through mode. The acoustic and electric filter system combined with the averaging of the photoacoustic signal in the time domain suppresses the outside noise by 70 dB. In this case the signal-to-noise ratio was 76 dB.
Introduction
To reduce wall adsorption problems, photoacoustic (PA) gas detection with continuous gas flow would be favorable for in situ analysis. However, such a flow-through system is open from the acoustical point of view, thus difficulties are expected concerning the pick-up of outside noise. Although stationary noise signals may be suppressed by fitting acoustic filters at the openings of the resonant PA cell [I] , sudden noise events, which are very common in the environment, will still disturb the PA detection considerably.
One possibility for the improvement of PA gas monitors is measurement in the time domain employing pulsed excitation in an open high-Q resonant PA cell. In this case the PA response will not be correlated to the outside noise. Therefore the application of the method of synchronized averaging of the responses will increase the signal-to-noise (SIN) ratio very efficiently. Moreover, this method is also effective in suppressing pulsed noise signals originating from the environment.
Pulsed excitation followed by Fourier transformation (FT) of the time-resolved response signal has another advantage: it is not sensitive to a slow drift of the resonant frequency caused by temperature and pressure changes, because the analysis determines not only the magnitude of the resonance peak but also its frequency. Therefore, it is possible to improve the SIN ratio by simply using resonators with higher Q values. In the case of continuously modulated excitation the synchronization of the modulation frequency to the actual resonance frequency of the PA cell is a serious problem. Common applications therefore use low-Q resonators in order to be independent of the fluctuations. Although the problem can be solved by applying an additional control loop for the light modulator [2] , the system becomes more complicated compared to the pulsed one.
Only a few papers have been published on pulsed PA experiments [3, 41, and only one on the excitation of acoustic resonances by nanosecond laser pulses [4] . The aim of the present work is to investigate the PA response of an open resonator system to the nanosecond pulses of a 308 nm excimer laser, to determine the noise performance of the system in a normal laboratory environment with and without gas flow, and to compare the results with the experimental data 
Experimental
The PA detector system built for the present experiments ( The laser beam is focused at the center of the cell. The distance of the laser beam to the cell axis can be changed. The microphone is positioned halfway along the cylinder surface. Five acoustic filter elements are mounted at each end of the cell. Their dimensions can be changed to suppress various spectral components of the outside noise [5] . In order to suppress noise in the range of the first radial mode of the resonator, the three solid X/4 filters had an inner radius of 3.0 mm and a length of 16.6 mm, and the two acoustically optimized filter volumes in between had an inner radius of 24.7 mm and a length of 13.3 mm. Many different arrangements can be realized by changing the corresponding modules.
The PA signal was measured by an electret microphone (Sennheiser KE4, sensitivity x 3 5 mV/Pa) coupled to a selective preamplifier. Further noise reduction was ensured by the bandpass filters of the preamplifier. The field-free frequency response of the entire microphoneamplifier circuit was was found to be linear in the range from 1 to 5 kHz, while frequencies below and above this passband were efficiently suppressed.
To simulate the real situation encountered in field measurements a small electric fan was used to produce continuous gas flow through the resonator and filters.
The light pulses for the excitation of the resonances were produced by a XeCl excimer laser (Lambda Physik LPX 105i). The average output power was ~7 5 mJ, and the pulse duration ~2 0 ns. As the beam quality was poor, only a fraction of the total pulse energy ( x 8 mJ) passed through the beam-forming optical setup.
The PA and optical signals were fed into a digital oscilloscope (LeCroy 9400A), where they were digitized and averaged synchronously using the trigger signal of the laser control unit. The averaged data were transfered to a PC for F T and resonance profile fitting. Naphthalene vapor was chosen as the absorbing gas due to the excellent overlap of one of its absorption lines with the 308 nm emission line of the XeCl excimer [6] .
As a first step the environmental noise was checked in the laboratory. The stationary 1000 2000 3000 4000 5000 6000
Frequency [Hz] background noise level was x60 dB, while pulse noise signals due to excimer pulses, the door opening and closing, talking, etc., may have exceeded 75 dB. The five-pole acoustic filters efficiently suppressed this noise, which was further reduced by the bandwidth-limited microphonepreamplifier response. The noise inside the resonator was measured with and without excimer laser pulses passing through the resonator, signal averaging, and air flow, separately. The broadband noise amplitudes were determined from the recorded data by calculating the standard deviation of the 4096 data points, while the spectral distribution was determined by Fourier transformation. The noise figures were impressive. The acoustic and electric filter combination reduced the broadband noise by 50-55 dB. This level was further reduced by x18 dB when 100 pulses were time averaged. Although the broadband noise increased considerably when the excimer laser and the air flow were switched on, the spectrum showed no significant noise production in the frequency range of the first radial resonance.
The spectrum of the PA signal and noise is shown in Fig. 2a . The signal spectrum shows only one strong peak around 4.2 kHz, which is the frequency of the first radial resonance of the resonator, while the other resonances of the cell and the Helmholtz resonances of the acoustic filters are efficiently suppressed. The spectra of the acoustic noise background in Fig. 2a,b are almost flat. The peaks produced by the flow were far away from the main resonance peak. Thus only a slight increase of ~2 0 % was observed around the resonance frequency. In this range the S/N ratio was about 76 dB.
To test the efficiency of the acoustic filters and the influence of windows mounted at both ends of the acoustic filters, additional spectra were measured showing a window signal below 2.5 kHz (Fig. 2b) . Comparing the two figures reveals two important results: first, the acoustic filters suppress the outside noise very efficiently, and second, the window signal does not interfere with the spectral range of the first radial mode if the windows are mounted at the ends of the acoustic filters.
Conclusions
The main results of this investigation can be summarized as follows:
Pulsed laser excitation of a resonant PA resonator combined with synchronized averaging of the PA responses provides excellent S/N ratios by suppressing the noise very efficiently.
The required outside noise suppression can also be achieved with an open system by fitting acoustic. filters at the openings of the resonator.
In order to suppress the strong window signal, if windows are used they should be mounted at the ends of the acoustic filters.
As the entire profile of the PA resonance signal is determined, a slow drift of the resonance frequency plays no role in these measurements. Thus, high-Q resonators can be used in this case.
Flow-through operation is possible without serious degradation of the S/N ratio.
Background signals produced by light absorbed at the surfaces of the optical elements and the PA resonator's inner surface may reduce the dynamic range of the measurement considerably. Therefore it is useful to measure the background separately using a second beam tuned outside the absorption band of the species to be investigated.
